H2 consumption was performed by quantitative hydrogenation of various amounts of α-methylstyrene with a Pd/C catalyst in 1 mL of THF.
General procedures General method for catalytic hydrogenation
In an argon-filled glove box an oven-dried 4 mL reaction vial was charged with the substrate (0.2 mmol). 10 mL catalyst solution in hexane or heptane was prepared from Mn(hmds)2 (37.6 mg, 0.1 mmol) and Dibal-H (0.2 mL of 1(M) Dibal-H in hexane) during overnight. After addition of prepared catalyst solution (1 mL; 5 mol% [Mn] ), the reaction vial was transferred to a high pressure reactor which was sealed and removed from the glovebox. The reactor was purged with H2 (3 × 2 bar) and the reaction pressure and temperature were set. After the indicated reaction time, the vial was retrieved and hydrolyzed with a saturated aqueous solution of sodium hydrogen carbonate (0.5 mL). The reaction mixture was extracted with ethyl acetate (3 × 0.5 mL) and analyzed by GC-FID and GC-MS.
For product isolation, 0.5 to 1 mmol of the starting material was used. After quenching, the product was extracted with ethyl acetate (3 × 3 mL), dried over sodium sulfate and filtered over a pad of silica. Removal of the solvent at reduced pressure afforded the product in high purity.
For amine isolation as a free base, the product was filtered through a pad of aluminium oxide, eluted with ethyl acetate (3 × 2mL) and dried under vacuum to remove all the volatiles to obtain the product. Product was further purified, where it is necessary, by chromatography using silica gel neutralized with Et3N (10%) and pentane/ethyl acetate (10/1) as eluent.
For amine isolation as a chloride salt, the product was filtered through a pad of silica, eluted with ether and converted into the hydrochloride salt using a 1 M solution of HCl in ether (1 ml). The precipitate was collected via filtration or -if no precipitate formed -the solvent removed under reduced pressure.
General method for in situ catalyst preparation with LiN(SiMe3)2
In an argon-filled glovebox an oven-dried 4 mL glass vial was charged with LiN(SiMe3)2 (16.7 mg; 100 µmol) and dissolved in THF (1 mL). MnBr2 (2.1 mg, 10 µmol). A solution of DiBAlH in nhexane (20 mM, 1 mL, 20 µmol) was added via syringe. The solution turned brown immediately and was stirred at room temperature for 5 minutes prior to use.
General method for kinetic examination in catalytic hydrogenation
A flame-dried 10 mL two-neck flask was connected to a Man on the Moon X201 gas-uptake system. After purging with H2, the system was set to a reaction pressure of 1.9 bar. A catalyst mixture was prepared by treatment of Mn(hmds)2 (9.4 mg, 25 µmol in 2 mL n-hexane) with DiBAlH (1 M, 50 µL, 50 µmol) and stirring for ca. 5 minutes. Monitoring of the hydrogen uptake started with the addition of the substrate (0.5 mmol).
Synthesis and characterization of [Mn6(3-H)4(-H)2{-N(SiMe3)2}] (2)
Method 1: A solution of HBPin (0.39 mL in 5 mL of n-hexane, 2.69 mmol) was portionwise added to a light pinkish solution of Mn{N(SiMe3)2}2 (1.00 g, 2.66 mmol) in n-hexane (5 mL) during 5h. The obtained dark brown suspension was stirred further 1h and filtered. The dark filtrate was stored at −35 °C for 2 days and the obtained crystalline solid was isolated by decanting the mother liquor and dried in vacuo affording complex [Mn6(3-H)4(-H)2{-N(SiMe3)2}4{N(SiMe3)2}2] as a very air-sensitive brown solid. Yield: 102 mg (0.079 mmol, 18 %). Elemental analysis calculated for C36H114Mn6N6Si12 (1298.00 g/mol): C 33. 31, H 8.85, N 6,47; found: C 33.54, H 8.62, N 6.43 .
Method 2:
A light pinkish solution of Mn{N(SiMe3)2}2 (188 mg, 0.50 mmol ) in n-hexane (2 mL) was treated with 0.5 mL of 1(M) DiBAlH solution (0.50 mmol) in n-hexane at ambient temperature. The color of the solution immediately turned to dark red-brown and it was stirred for ca. 10 minutes. The slightly turbid mixture was filtered and the filtrate was stored at −35 °C. A small amount of dark brown colored crystals suitable for X-ray crystallography were obtained. Formation of [Mn6(3-H)4(-H)2{-N(SiMe3)2}4{N(SiMe3)2}2] was determined by single crystal X-ray crystallography.
Mn6H6(hmds)6
Figure S1. UV-vis spectrum of 2 in n-hexane. 
Cyclotrimerization reactions of phenyl acetylene
A mixture of phenylacetylene (44 µL, 40.92 mg, 0.4 mmol) and Mn6H6(hmds)6 (4.3 mg, 3.3 µmol, 0.83 mol%) in 2 mL of hexane was stirred for three days at room temperature giving a black reation mixture with some amount of black particles. Reaction mixture was filtered over a plug of silica and the plug was eluted further with 3×2 mL of ethyl actetate. Solvent was removed under vacuum and the product was isolated by chromtagraphy using pentane and ethylactate mixture (95:5). 48, 141.61, 141.27, 141.24, 141.11, 140.72, 140.50, 139.67, 131.25, 130.05, 130.01, 129.56, 128.99, 128.07, 128.04, 127.69, 127.58, 127.50, 127.28, 126.74, 126.66, 126.27, 125 .32. 291, 276, 265, 252, 239, 226, 215, 145, 113, 91, 77, 63, 52. tR = 13.71 min, (EI, 70 eV) 302, 289, 276, 228, 207, 189, 151, 113, 102, 91, 77, 63, 51 . and refined using the riding model. Data were measured using w scans scans of 1.0 ° per frame for 6.0 s using CuKa radiation (micro-focus sealed X-ray tube). The total number of runs and images was based on the strategy calculation from the program CrysAlisPro (Agilent).
GC-MS
Cell parameters were retrieved using the CrysAlisPro (Agilent) software and refined using CrysAlisPro (Agilent). Data reduction was performed using the CrysAlisPro (Agilent) software which corrects for Lorentz polarization. Experimental MT vs. T data were modelled using a fitting procedure to the spin Hamiltonian for six manganese (II) S = 5/2 ions with two coupling constants and additional term for Zeeman splitting:
9 Poisoning studies Scheme S1. Poisoning studies with trimethylphosphine (PMe3) and dibenzo[a,e]cyclooctatetraene (dct).
Synthesis of starting materials
General procedure for styrene synthesis in a Wittig reaction A 50 mL flask was charged with a suspension of methyltriphenylphosphonium bromide (1 equiv.) in THF (0.7 M). Then, NaH-suspension in paraffine (60%, 1 equiv.) was added in small portions. The reaction mixture was stirred at room temperature for 20 h followed by a dropwise addition of a solution of a ketone/aldehyde derivative (1 equiv.) in THF (0.7 M). The reaction mixture was stirred for 2 d at room temperature, quenched with H2O (15 mL) and extracted with Et2O (3 × 15 mL). The combined organic layers were dried (Na2SO4), concentrated and subjected to silica gel flash chromatography (n-pentane).
(1-cyclopropylvinyl)benzene Synthesis following the general procedure for styrene synthesis in a Wittig reaction. 47, 141.75, 128.28, 127.58, 126.25, 109.15, 77.58, 77.16, 77.16, 76.74, 15.78, 6 .83. 
C11H12

g/mol
GC-MS
4-(Cyclohex-1-enyl)-N,N-dimethylaniline
Synthesis was performed by Schachtner, Josef, Dissertation 2016, Regensburg. 4, 136.0, 129.1, 125.6, 121.7, 116.7, 112.7, 112.6, 40.8, 40.7, 27.4, 25.9, 23.2, 22.4 . 
C14H19N
g/mol
GC-MS
4-Methoxy-α-methylstyrene
Synthesis following the general procedure for styrene synthesis in a Wittig reaction. 
C10H12O
g/mol
Methyl(4-(prop-1-en-2-yl)phenyl)sulfane
Synthesis following the general procedure for styrene synthesis in a Wittig reaction. 86, 141.06, 127.26, 113.77, 55.27, 33.28, 24.24 . 99, 121.03, 40.00, 32.30, 28.97, 26.49, 23.51, 20.02, 19 .71. 74, 136.76, 136.25, 131.48, 131.09, 129.97, 129.82, 127.91, 124.16, 118.74, 55.34 . 36, 131.98, 131.47, 131.34, 130.83, 130.15, 124.15, 56 .92. (75 MHz, MeOD) δ 133.15, 131.09, 130.59, 130.35, 58.71, 46.69, 27.93, 25 .89. 34, 136.10, 133.12, 131.40, 131.07, 124.43, 123.54, 115.45, 56.85, 55.86 . 39 -7.33 (m, 4H), 7.25 -7.19 (m, 2H), 6.63 -6.56 (m, 2H), 4.32 (s, 2H), 2.41 (s, 3H). (75 MHz, CDCl3) δ 146.87, 139.08, 131.45, 128.69, 127.48, 127.34, 124.56, 113.53, 48.35, 19.13 . 222, 207, 190, 178, 165, 147, 133, 115, 103, 91, 77, 65, 51 . 2, 148.4, 131.9, 129.4, 127.4, 125.4, 122.5, 117.6, 113.2, 112.5, 46.7, 40.7 . 234, 221, 207, 192, 173, 160, 146, 134, 115, 105, 93, 79, 66, 51 . 05, 46.84, 33.76, 32.72, 26.31, 25.25, 20.70, 14. 14. 12 Selected NMR-Spectra
C10H12S
g/mol
GC-MS
GC-MS (freebase)
C-NMR
GC-MS (freebase)
C-NMR
GC-MS
N-butylcyclohexanamine
GC-MS
